SUMMARY -Higher expression of the mucin 2 (MUC2) glycoprotein and vascular endothelial growth factor (VEGF) in Barrett's mucosa may be associated with a higher risk of esophageal adenocarcinoma development. Thirty-six patients diagnosed with Barrett's esophagus (BE), short-segment, were included in the study due to unsuccessful treatment with proton pump inhibitors. The diagnosis was confirmed by histopathologic analysis of the tissue obtained by esophagogastric junction biopsy. Expression of MUC2 and VEGF was determined by immunohistochemistry. We found four patients in early stage of adenocarcinoma and 32 patients with BE; five of them had indication for argon plasma coagulation treatment, one for radiofrequency ablation and one for endoscopic mucosal resection; 25 patients were treated with proton pump inhibitors. Regression of BE occurred in 25 (69.44%) patients. MUC2 positivity is unique for goblet cells in patients with BE, but it is not the only marker. VEGF is an indicator of angiogenesis in the mucosa of patients with BE and adenocarcinoma.
Introduction
The nature of Barrett's esophagus (BE) (Fig. 1 ), progression and rate of progression to malignant disease has not yet been fully explored, and for now, there are no biochemical-immunohistochemical-histopathologic markers that are highly specific for the diagnosis of this disease 1, 2 . BE was twenty times less frequently diagnosed in patients than on autopsy [1] [2] [3] . Evolution of BE to cancer takes 20 to 30 years 1, 3 . A study by Garud et al. 4 demonstrated the prevalence of BE to range from 0.9% to 4.5%, with progression to adenocarcinoma (AC) in 0.5% per patient per year. Helicobacter pylori (H. pylori) positive patients have milder forms of gastroesophageal reflux disease (GERD), BE and lower esophageal stricture compared to those that are H. pylori negative 5 . Over the past 20 years, the incidence of esophageal and esophagogastric junction AC was higher than the incidence of any other cancer in the human population 3 . Mucin 2 (MUC2), a mucin family glycoprotein, has been located in the cytoplasm of goblet cells including small intestine, colon, bronchus, salivary gland, conjunctiva of the eye, but not in normal gastric mucosa. In the context of the study of malignant diseases, MUC2 positive finding was recorded in primary gastrointestinal tumors of the colon, stomach and esophagus; goblet cells in the tissue of metastatic colorectal cancer in the ovary, but not in primary ovarian mucinous AC; and intestinal metaplasia of the esophagus (BE), where expression of MUC2 is shown in goblet cells [6] [7] [8] [9] [10] . Accordingly, the questions are: is MUC2 antibody a predictive marker for BE regression in patients treated with proton pump inhibitors (PPIs), argon plasma coagulation (APC) and/or combination therapy; is its presence associated with progression to dysplasia; and is there expression of the same gene in patients with AC of the esophagus? Vascular endothelial growth factor (VEGF) is a signaling protein involved in the process of vasculogenesis and angiogenesis. When a cell lacks oxygen, it produces hypoxia inducible factor (HIF), which stimulates the release of VEGF and its binding to the receptor tyrosine kinase, as a precondition for angiogenesis [11] [12] [13] [14] . Expression of VEGF was shown to be an important factor in creating a vascular network of tumor growth and metastasis in various and numerous tumors that occur in the human population, such as breast, liver, colon, gastric AC and squamous cell carcinoma of the esophagus 14 . Endocrine cells with metaplastic altered mucosa showed expression of VEGF in the cytoplasm 11 . The aim of this study was to examine the expression of MUC2 and VEGF in patients with proven BE.
Patients and Methods

Study group
Thirty-six patients with BE treated with PPIs were included in the study. Patients were collected during a period of more than 6 years. In addition to standard procedure (history, physical examination, abdominal ultrasound, basic laboratory findings), esophagogastroduodenoscopy (EGDS) with biopsy of esophagogastric junction was performed in all patients. During a follow up period of 3-6 years, they underwent regular annual endoscopy with biopsies.
This clinical trial enrolled 36 patients aged 18-80 years with GERD and proven existence of BE or AC.
All patients were treated at Department of Gastroenterology, Zadar General Hospital from Zadar, Croatia. Control group consisted of the same subjects treated after proven BE diagnosis that underwent repeat protocol examinations following appropriate therapy according to the guidelines. Inclusion criteria: subjects of both sexes aged 18-80 years with no previously known malignancy; respondents with positive reflux symptoms; respondents not using anticoagulant therapy; and existence of esophagogastric junction changes in terms of BE or AC. Exclusion criteria: patients aged <18 or >80 years; history of malignant disease; patients already treated with a PPI for GERD and without previously made EGDS; subjects on anticoagulant therapy; and subjects that did not understand the questionnaire.
Methods
The study involved subjects in which the histopathologic analysis verified the existence of BE (Fig.  2) or AC, and the same subjects after BE treatment with PPI and/or APC, radiofrequency ablation (RFA), endoscopic mucosal resection (EMR), or after esophagectomy. Patients filled out a questionnaire about GERD. Histopathologic analysis included immunohistochemistry of MUC2 and VEGF. Multisystemimmunohistochemical analysis was performed at the Department of Pathology and Forensic Medicine, Za- All patients signed an informed consent and the study was conducted in accordance with ethical principles of the Helsinki Declaration.
Immunohistochemistry of MUC 2 and VEGF
At the Laboratory of Immunohistochemistry, Department of Pathology, Cytology and Forensic Medicine, Zadar General Hospital, 3-4 μm thick preparations were cut from paraffin blocks of the tumor tissue and then mounted on silanized slides. After cutting, they were heated in a thermostat at 60 °C for one hour and then stained by applying indirect immunochemistry without biotin using ULTRAVIEW Universal DAB Detection Kit, Ventana brand. Further procedures required for immunohistochemical analysis were performed on a fully automated Ventana Benchmark-GX platform. The MUC2 colon tissue was used as positive control. Findings were interpreted as follows: 0, no cell staining; 1, at least 30% of staining cells; 2, 31%-60% of staining cells; and 3, >60% of staining cells.
Tonsil tissue was used as positive control for VEGF. Findings were interpreted as follows: samples stained with anti-VEGF-antibody like yellow-brown granules in the cytoplasm of the cells or plasma membrane. Negative sample had 0-30% of cells with VEGF, and positive sample had 31%-100% of staining cells.
Statistical analysis
The results were described as parameters of descriptive statistics using one-way analysis of variance (ANOVA), Mann-Whitney test and χ 2 -test. The level of significance was set at p<0.05. Data were processed using the Statistica 13.0 software.
Results
We identified four patients in early stage of AC and 32 patients with BE ( Table 1) ; five of them had indication for APC treatment (including criteria for APC such as intestinal metaplasia or no dysplasia or low-grade dysplasia), and one for RFA and EMR each. Twenty-five patients were treated with PPIs. Regression of BE occurred in 25 (69.44%) patients. We noted an interesting phenomenon that higher expression of MUC2 was inversely proportionate to VEGF in seven patients (all with carcinoma and three with BE). After all treatment modalities, patients reported reduction or complete disappearance of regurgitation, burning sensation and dyspepsia. Our patients mostly had lowrisk BE, and two patients with high-risk BE had positive findings of MUC2, VEGF, dysplasia and metaplasia; they were treated with more aggressive treatment methods such as RFA and EMR.
In patients with only mucosal changes in terms of intestinal metaplasia, after APC treatment we found regression of these changes, and endoscopic findings and biopsy confirmed only GERD or healthy oral mucosa. In patients with mucosal changes in terms of intestinal metaplasia and dysplasia of mild to moderate degree, there was no significant regression of symptoms, and regression was of short duration (maximum one year).
In the period between first and second examination, significant changes were recorded in VEGF (χ 2 =4.65, df=1; p=0.031). Therapy administered between the first and second examination significantly influenced VEGF reduction in BE patients (precisely, reduced it to 0), but there was no significant effect on MUC2 reduction.
Immunohistochemistry results coincided with statistics, i.e. there was no causative relationship of positive MUC2 and VEGF findings with a higher degree of dysplasia and/or metaplasia, nor they were associated with a higher incidence of H. pylori positive findings, but clearly indicated the existence of intestinal metaplasia and/or dysplasia. Fisher exact test was significant (p=0.017), which means that patients with AC and those with BE could be distinguished based on the H. pylori expression on esophageal mucosa, i.e. H. pylori expression would be lower in AC patients. As already mentioned, this finding should be interpreted with caution because we had only four patients with AC.
Discussion
Expression of MUC2 is characteristic of goblet cells, which also are a unique but not the only histopathologic marker of BE. Unaffected mucosa has no goblet cells and is not positive for MUC2 15 . Research has confirmed that the existence of VEGF is not specific to metaplasia of stratified squamous epithelium in the single cylinder, which is another characteristic histopathologic finding in BE. We found changes of mucous membranes with intestinal metaplasia, dysplasia, and new vascular network in the tissue affected with neoplastic alterations.
Since all subjects were administered PPIs with additional endoscopic interventions in those with histologically aggressive disease, it is concluded that the mentioned therapy with PPIs had significant effect on the reduction of VEGF between the two examinations, but had no significant effect on reducing MUC2, which was negative after ablative techniques such as RFA and EMR 16 . Study results revealed that MUC2 could not distinguish subjects with AC and those with BE. The reason is that goblet cells were found in both BE and AC 17 . Patients with AC and those with BE could not be distinguished by VEGF either. This could be explained by the fact that the presence of VEGF was found in both BE and AC 18 . Couvelard et al. 18 demonstrated that VEGF expression correlated with vascularization, but had no independent prognostic value. Our sample of only four patients certainly was too small to make any definite conclusion on non significance of MUC2 and VEGF expression. We need to examine a larger number of patients in future studies.
Immunohistochemical results coincided with statistics, i.e. positive MUC2 and VEGF findings were not causally related to a higher degree of dysplasia and/or intestinal metaplasia, and were not associated with greater incidence of H. pylori positive findings but clearly pointed to the existence of intestinal metaplasia and/or dysplasia. Intestinal metaplasia can develop wherever there is squamous epithelium, and transition to dysplasia is the last step in the development of cancer. In the study by Garud et al., the prevalence of BE ranged from 0.9% to 4.5%, with progression to AC in 0.5% per patient per year 4 . Expression of H. pylori differed significantly between AC and BE patients (p=0.017), which means that patients with BE could be distinguished from those with AC based on the expression of the bacterium on esophageal mucosa, which was lower in the latter. This finding should be interpreted with caution because we had only four patients with AC. This thesis should also be confirmed in future works on a much larger number of patients. Similar results have been reported by Sharma et al., that the presence of H. pylori in gastric mucosa has a protective activity on the esophagogastric junction in BE 19 . Mucin expression in progressive stages of chronic gastritis and gastric epithelial infection with H. pylori provides identification of intestinal metaplasia, which is characterized by reduced expression of gastric mucins (MUC5AC and MUC6) and de novo expression of MUC2 20 . MUC2 is a reliable indicator of intestinal metaplasia, which occurs in H. pylori infected patients with chronic gastritis 20 . Whether it means protection of gastric mucosa from AC, remains as an idea to be tackled in future work. Therefore, the statistical result according to which AC patients have lower H. pylori expression must be taken as an indication that we need to check in future research.
In conclusion, MUC2 positivity is unique in goblet cells in patients with BE, but it is not the only marker. VEGF is an indicator of angiogenesis in the mucosa of patients with BE with or without intestinal metaplasia and dysplasia, and in patients with AC. The study of MUC2 and VEGF in cells with a high degree of dysplasia and AC of the esophagus in the general population remains a subject for future research. A specific biomarker for detection of BE is yet to be discovered.
